Silver nanoparticles (NPs) have been synthesized by aqueous Beetroot extract. Effective parameters on the synthesis of silver NPs like pH, extract volume, silver nitrate concentration and time of reaction have been investigated at room temperature. The synthesized silver NPs have been studied with different analysis like UV-Vis, FT-IR, FE-SEM, TEM, and XRD. Our analysis indicates that the level of Surface Plasmon is 439 nm. The shape of NPs is spherical and the size is 20-30 nm using FE-SEM and TEM technique. Four bacteria (Escherichia coli, Staphylococcus aureus, Bacillus subtilis and Salmonella typhymurium) were used as references bacteria to analyze the antibacterial effect. Antibacterial results show that gram negative bacteria are so sensitive to synthesize silver NP. The recommended method was completely eco-friendly.
Introduction
Nowadays, nanotechnology is recognized as an attractive and important field of modern research. It is involved in preparation of NPs with different sizes, from 1 to 100 nm. NPs have wide ranges of application in numerous areas such as: chemical industries, electrical industries, biomedical science, space industries, drug delivery, cosmetic industries, catalytic areas and other fields [1, 2] . The synthesized NPs can illustrate physical, chemical and biological methods. The physical and chemical methods were introduced to reduce metallic ions to NPs respectively, although chemical methods have some certain drawbacks such as, using chemical toxins and producing some hazardous compounds in their products [3] [4] [5] [6] [7] [8] . The close relation is seen between synthesis of biological particles and biogenesis, the main significance is referred to biological approaches and simplicity in synthesizing NPs, as well as, time of reaction is less than other methods. Some factors such as, low toxicity and cost, high yield and biocompatibility are so crucial and important. Additionally, the size of the synthesized NPs can be easily controlled by the use of various parameters like pH and temperature and concentration [9] . Gordea-Torresdey and et al, reported the synthesis of silver and gold NPs using lucerne plant (Particles size were between 20 and 40 nm) [10, 11] . Silver NPs were synthesized using different plants Page | 546 14] , i.e. in 2009, Yong Song and colleagues used five extracts of Pine, Persimmon, Magnolia, Platanus and Ginkgo plants for synthetizing the silver NPs (The average particle size was from 10 to 500 nm) [15] . Similar works have been done in 2012 and 2016 using extract of Ananas comosus (12 nm) and Apple (30 nm), respectively [16, 17] . Bonnnia and co-workers synthesized silver nanoparticles applying Polygonum hydropiper (45 to 70 nm) and studied catalytic degradation of Methylene Blue [18] . Jayanta and coworkers synthesized silver NPs by the use of green method and surveyed the reduction process of methylene blue (8 to 32 nm) [19] . Ajitha and co-workers synthesized silver NPs using Phyllanthus amarus leaf extract (30 to 42 nm) and analyzed its antimicrobial and catalytic activity [20] . Godfrey and co-workers synthesized silver NPs using Asytasia gengetica leaf extract (40 to 60 nm) and surveyed its antibacterial effects [21] .
In this study, we synthesized silver NPs applying the extract of Beetroot (BR). Beetroot as a vitamin-rich vegetable is easily available and consists mainly of beneficial compounds such as, Manganese, Folate, and Magnesium [22] . Accordingly, we have selected it as a reduction agent for this synthesis (Figure 1 ). Some pigments in the Beetroot are soluble in water; the pigments are influenced by different factors like moisture, pH, temperature, light and oxygen. The pigments have antiviral and antibacterial activities, such as preventing the growth of cancer cells. The pigments are used in different ways for making and enriching colors of foodstuff that was approved by European Union as E-162 [22] . The antioxidant activity in pigments is used to prevent releasing free radicals, therefore, some strict illnesses such as cancer and cardiovascular diseases will be restricted by pigments [23] . Nowadays, noticeable improvement in different fields like manufacturing and using new materials and methods of nanotechnology is obvious and clear. In the recent years, metal NPs have been used in the wide ranges of new technologies. Some interesting features in metal nanoparticles such as Surface Plasmon Resonance (SPR), optical features, suitable catalytic function, antibacterial and antifungal activities and other significant features transforms, it demonstrates as a significant tool in different industrial. 
Experimental

Materials
The samples (Beetroot) were collected by local markets (Arak, Iran) and, also, chemicals were prepared from the Merck company (Germany). The primary technique that was used in the characterization of metallic NPs was UV-Vis spectroscopy [24] . The UV-Vis spectrum of dispersed nanoparticles (AgNPs) was measured using the UV-Vis spectrophotometer (300 to 800 nm) (UV-Vis Agilent 8541). Fourier Transform Spectroscopy (FT-IR) has been applied to identify the potential of functional group that was presented in the Beetroot extract and was responsible for the reduction of the silver ions. FT-IR studies were carried out by the use of Perkinelmer Spectrum two spectrophotometer.
The achieved samples were prepared using KBr pellet technique. The XRD diffraction is used widely to establish the metallic nature of particles. The crystalline structure of the silver nanoparticles was recognized by applying Philips company χ' pert Pro Xray diffract meter by monochromatic Cu kx radiation (λ=1.54 Å) that were maintained at 40 kV, 30 mA. Field emission scanning electron microscopy (FESEM) (VEGAS-TESAH Model) was practically used to characterize the size, shape and structure of nanoparticle. Transmission electron microscopy (TEM) by Philips Company (CM120) was applied for doing further studies.
Preparation of the Beetroot extract
The Beetroots were washed and cleaned with drinking water to remove any pollution. In the next step, the Beetroot was cut into small pieces and dried at room temperature. Finally, the dried Beetroot was powdered using grinder mixer. 10 gr of Beetroot powder was added into 100 mL of distilled water and allowed to boil, after that, it remained for 5 min and was filtered with the whatman No.1 paper. The extract of plant was centrifuged at 4000 rpm and stored in refrigerator at 4°C for the studies.
The synthesis of silver NPs 100 mL of silver nitrate (AgNO3) 10 mM (1.7 g), was prepared as a stock solution and used for preparing diluted concentration (1, 1.5, 2, 2.5, 3 and 5 mM). By adding the Beetroot to these solutions, the color of solution started to change from ruby red to brown, due to reaction of Ag ions and formation of Ag NPs, Figure 1 shows the formation of nanoparticles as well.
Procedures
The most important step for developing a synthesized principle is related to the optimization of variables. It has been proven that NPs size significantly depends on numerous factors, like concentration of Beetroot extract, salt solution concentration, pH, and time. In order to obtain optimum conditions, 0.5 mL of extract with 5 mL of AgNO3 1mM (169. 87 mg) was prepared and shaken for 30 min in variable pH (2, 4, 5, 6, 7, 8 and 10) for adjusting pH, HCl and NaOH 0.1 M. In addition, the pH was measured with an EDT GP 353 ATC pH meter. In the next step, it was centrifuged (30 min) at 4000 rpm. The mentioned steps were applied and done for the extract volume (0.1, 0.2, 0.25, 0.5, 1.5 and 2 mL), salt concentration (1, 1.5, 2, 2.5, 3 and 5 mM) and time variation (10, 20, 40, 60, 90 and 120 min) as well. After determining the optimal conditions for all of the parameters, the silver nanoparticles were resynthesized. The sediment was dried in an oven at 25°C after centrifugation and separation from extract. For characterization of the dried particles, UV-Vis, FT-IR, XRD, FE-SEM and TEM techniques were used.
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Catalytic activity of synthesized silver NPs The kinetics of catalytic conversion of Methylene Blue (MB) using NaBH4 is followed by the use of the UV-Vis spectroscopy. The reduction of MB by helping NaBH4 in the presence of AgNPs was surveyed. It showed that the improvement of reduction was efficient. First of all, 0.008 gr of nanoparticle was reached 25 mL and solved by ultrasonic method, completely. The absorption of 1 mL of extract with 0.1 mL of NaBH4 0.01 M and 3 mL Methylene Blue 5-10 M was analyzed and measured at different times. The removal of MB by NaBH4 in presence of the AgNPs was monitored using the UV spectrum in 664 nm.
Antibacterial activity of synthesized silver NPs
Escherichia coli (ATCC 25922), Staphylococcus aureus (ATCC 25923), Bacillus subtilis (ATCC 6633) and Salmonella typhimurium (ATCC 19430) were used as reference strains for antimicrobial assay.
Antibacterial assay by using disc diffusion method
In this method, antimicrobial activity was analyzed using paper discs. In the first stage, dilution of 0.5 Mac Farland was prepared for every reference strain, Nutrient Agar was used as a suitable media culture for measuring antimicrobial activity. 500 μl of each reference strain was separately used to culture on each Nutrient Agar plate as spread culture. Then, 20 μl, 30 μl and 40 μl of each prepared sample (silver NPs by Beetroot extract) were used to saturate every paper disc, individually. (This step was done with three different volumes to find the Minimum Inhibitory Concentration (MIC)). The saturated discs with prepared sample (Silver NPs by Beetroot extract) were placed on the surface of agar, that reference microorganism was cultured on it previously. The plates were incubated at 37°C for 72 h. Finally, the diameter of each inhibition zone was calculated precisely (saturated paper discs with distilled water was used as negative control for every test).
Results and discussion
Effect of pH on silver NPs synthesis Investigation for the formation of Ag NPs was monitored by the UV-Vis spectral analysis. As a general rule, the characteristic part of surface Plasmon resonance (SPR) bond of silver NPs falls in the range of 300-800 nm. The prepared NPs showed the SPR bond at 439 nm ( Figure 2 ). It is evident that, the maximum value of wave length-absorbance was approved with the SPR of metallic silver in visible region, and, it confirmed the structure of the silver NPs. In order to gain optimum conditions, 0.5 mL of extract with 5 mL AgNO3 1mM, in pH variations (2, 4, 5, 6, 7, 8 and 10) were mixed and, then, the samples were shaken for 30 min, centrifuged at 4000 rpm for 30 min, finally the UV spectrums were recorded. The effect of pH is shown in Figure 3 . 
Effect of extract volume of Beetroot on silver NPs synthesis
In order to find the best synthesis condition of silver NPs by Beetroot extract, 5 mL of AgNO3 1mM was added into (0.1, 0.2, 0.25, 0.5, 1.5 and 2) mL of Beetroot extract, separately.
Then, pH of all samples was adjusted to optimized pH. The samples were shaken for about 30 min and centrifuged at 4000 rpm for 30 min at room temperature. The effect of extract volume is shown in Figure 4 . 
Effect of salt concentration on silver NPs synthesis
The same attempts were applied in different salt concentrations (1, 1.5, 2, 2.5, 3 and 5 mM). The pH and extract volume were adjusted at optimized value, then, the UV spectrum was recorded.
The effect of salt concentration is shown in Figure 5 . 
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Effect of reaction time on silver NPs synthesis
In various times (10 to 120 min) and optimum conditions, the UV spectrums were individually measured with increasing the time of interaction between reactors from 10 min (after bending reactors) to 60 min, the value of absorbance increased tangibly. The effect of reaction time is shown in Figure 6 . The characterization Beetroot extract and silver NPs Figure 7 depicts FT-IR spectra for the Beetroot extract and synthetized silver NPs by beetroot aqueous extract. The spectrum for silver NPs at the optimized conditions showed a sharp peak at 3412 cm -1 due to OH stretching vibration, and the peak at 2926 cm -1 that can be assigned to C-H stretching vibration of alkanes. The absorption bond at 1634 cm -1 can be assigned to the carbonyl stretching vibration in amide bond. The 1384 cm -1 is attributed to the C-N stretching or the OH bonding vibration. A peak at 1051 cm -1 in spectrum corresponds to the C-OH vibration [20, [25] [26] [27] . The existence of functional groups is so clear and obvious through comprising spectrums of the extract FT-IR and Ag NPs, it shows that, functional groups in extract have significant role for the reduction of silver ions and the stability of the formed NPs (Figure 7 ). The XRD is used to establish the metallic nature of particles. The formation of synthetized NPs was supported by X-ray diffraction (XRD) measurements, Figure 8 . The XRD peaks can be indexed to (111), (200), (220) and (311) which reflect the cubic structure of AgNPs. The corresponding peak of (111) is more intense than the other planes and suggests that (111) is the predominant orientation as the synthesized AgNPs are crystalline in nature. The mean size of the AgNPs was gained using the Debye-Scherret's equation through determining the width of the (111). The strangest peak was revealed at 38.19° which corresponded to predominant growth in the direction of (111) plane. The (200) plane can be assigned to the peak at 44.17° and two observed peaks at 64.53° and 77.43° were attributed to the (220) and (311) respectively.
All four peaks characterization for Ag system indicates that they are crystallized in cubic structure. It's so close to standard pattern [28] . The particle size was calculated by Scherer-Debye equation (Eq. 1) about 18.5 nm. D=K.λ/β.cosθ,
(1) where all parameters are, respectively: D, the size of the crystal, its unit is equal to λ unit and is usually angstrom or nm; λ, the X-ray wavelength; K= 0.9, the dimensionless shape factor, with a value close to unity; β, the full width at half maximum (FWHM); θ, the peak position on the horizontal axis of diffraction pattern [29] . 
FE-SEM and TEM analysis Microscopic techniques such as, Field Emission
Scanning Electron Microscopy (FE-SEM), Transmission Electron Microscopy (TEM), are mainly used for morphological studies of nanoparticles. The FESEM image of the synthesized Ag NPs at the optimized condition is presented in Figure 9 and average range from 20-25 nm. The TEM image of synthesized Ag NPs at the optimized condition is depicted in Figure 10 and was determined that, synthesized Ag NPs are spherical without any aggregates, the range of size was from 20-25 nm. As can be seen, the size of NPs by FE-SEM, TEM, and XRD methods is close together. Table 1 . 
Catalytic activity
NPs can be used as an effective catalyst. The catalytic activity of NPs was strongly dependent on composition, size and shape of nanoparticles, with increasing surface to volume ratio, the catalytic activity will increase [36] . The silver NPs were used as a catalyst for the reduction of MB by NaBH4 in this study. Utilizing of MB, a heterocyclic aromatic dye, in the textile has increased in the last few years. Using large amount of MB leads to increase the undesirable toxicity in water. Toxicity in water is dangerous for human and plants [18] . The pseudo-first orders kinetics with respect to the concentration of MB was used to calculate the rate of constant (k). Pseudo-first order can be described by (Eq. 2) [37, 38] :
where Co is, the concentration of MB at t = 0 and Ct is, the concentration of MB at time t and k is, the pseudo first orders rate of constant and t is, reaction time. It is shown in Figure 11 that Ln (Co/Ct) into t is acceptable linear, and slope of the linear graph gives the rate constant that was received that nearly is similar with other reported AgNPs and other conventional catalysts [39, 40] . From (Eq. 2) k value was obtained 0.0194/min. 
Antibacterial activity
The results of antimicrobial activity for the sample1 (silver NPs by Beetroot extract at 90 °C) and sample 2 (silver NPs by Beetroot extract at room temperature 25 °C) were measured by calculating the diameter of inhibition zones. The minimum concentration for inhibiting the growth of references bacteria was recognized and calculated.
In this sense, 30 μl was the best minimum concentration for inhibiting the growth of pathogenic bacteria, because at concentration of 20 μl, the inhibition of growth was not seen clearly. Finally, the diameter of the inhibition zone was interpreted according to below instruction as the results were shown in Table 2 and Figure 12 . During screening of sample1 and sample 2, we saw that Bacillus subtilis and Staphylococcus aureus completely grew but the growth of Salmonella and Escherichia coli were inhibited strongly Table 2 , according to the results, gram negative bacteria were entirely sensitive to sample 1 and 2, In contrast, gram positive bacteria were resistant to sample 1 and 2. It can be resulted by difference of the cell wall structure between gram positive and gram negative bacteria. Nowadays, strong resistance to different types of antimicrobial compounds among negative bacteria is considered as a serious problem in medical science. Producing and discovering natural products with amazing ability for inhibiting the growth of some dangerous bacteria (particularly negative bacteria) can be considered as a big revolution and great success in the field of medical science.
The UV-Vis spectral results refer to the formation of the Ag NPs using various parameters such as pH, extract volume, salt concentration and time of reaction at room temperature. The absorbance of solution increased significantly with a gradual increase of pH from 2 to 10. It is related to the increase of silver NPs synthesis that; the highest value of absorbance is seen at pH=10 in comparison to other pH values. As it is observed in Figure 3 at lower than pH=10, Peaks shift to red wavelength that causes to increase the size of nanoparticles. On the contrary, at pH more than 10, peaks shift to blue wavelength as results of decreasing the size of NPs [41] .
In green synthesis of NPs by plants, plant acts as a reductant of metal ions and stabilizer of nanoparticles [42] . According to Figure 4 with increasing the amount of extract from 0.1 to 2 mL, the value of NPs absorbance increases sharply and more NPs are produced [43] . Figure 5 shows that as the concentration of AgNO3 was increased from 1 mM to 5 mM, the absorption peak increased as well. More ions are reduced by increasing the amount of silver ions, subsequently, more nanoparticles are produced. With adding more AgNO3, NPs are joined to each other and NPs become bigger. Figure 6 shows that most of the NPs are formed at 40 and 60 minutes, also it is important that, the best time of optimum depends on peak symmetry and small size of NPs. The best results were obtained at pH = 10, extract volume 2 mL, salt concentration 3 mM and reaction time = 60 min. Pseudo first order model reaction with rate constant (k=0.0194 min -1 ) corresponds to the experiment data of removal of Methylene Blue was observed. Antibacterial results show, gram negative bacteria are so sensitive to synthesized silver NPs.
Conclusion
We found out a simple green protocol for synthesizing and surveying antibacterial properties and catalytic activity of the silver NPs from the Beetroot extract. Ag NPs were synthesized using Beetroot extract at optimum conditions. The NPs were characterized by UV-Vis, FTIR, XRD, FESEM and TEM techniques. The UV-Vis analysis determined the Surface Plasmon Resonance of the AgNPs. The FT-IR measurements were applied to identify the potential of functional NPs that can be used as beneficial and practical catalysts. The FE-SEM, TEM, and XRD techniques confirmed the formation of cubic and crystalline structure. NPs have improved catalytic activity, because larger surface area and smaller size are considered as important features in nanoparticles. The catalyst is eco-friendly and stable, because, it produces negligible waste without significant loss of activity and with nearly complete conversion. However, the mechanisms behind the activities of NPs need to be precisely studied in detail. The functional aspect of the silver NPs in terms of their surface crystallization, stability and size distribution was significantly acquired. On the whole, the synthesized silver NPs bring a valuable opportunity for controlling and inhibiting the growth of some pathogenic and dangerous bacteria, as well as, good catalytic activity should be considered as its other advantage.
